INTRODUCTION
To date, approximately 130 mutations in the UGT1A1 gene have been reported as causes of Crigler-Najjar (CN) syndrome and Gilbert's syndrome (Canu et al., 2013) . The TATA promoter plays a critical role in controlling the expression of the UGT1A1 gene. An insertion mutation with the nucleotide base "A" in the TATA promoter region leads to common mild hyperbilirubinemia, also known as Gilbert syndrome, with a total serum bilirubin level of 1-6 mg/dL (Bosma et al., 1995; Bayram et al., 2013) . CN is related to inborn errors in metabolism and are inherited as autosomal recessive traits. These traits result from unconjugated hyperbilirubinemia because of defective bilirubin uridinediphosphate (UDP)-glucuronosyltransferase (UGT1A1) activity (Iolascon et al., 2000) . CN is classified as type 1 or 2 based on bilirubin levels, presence of kernicterus, phenobarbital response, and UGT1A1 enzyme-inducing agents (Costa et al., 2006; Bayram et al., 2013) . Moreover, the clinical pathology of CN type 1 is characterized by the most severe manifestation, such as kernicterus, and can result in death when total serum bilirubin is 20-45 mg/dL. This condition typically results from a lack of UGT1A1 activity and is non-responsive to phenobarbital administration. In contrast, CN type 2 is less severe and rarely causes kernicterus; total bilirubin levels for CN type 2 are typically 6-20 mg/dL. UGT1A1 activity in CN type 2 is markedly reduced, but not absent, which can be improved by phenobarbital administration to decrease serum bilirubin levels by more than 25% (Arias et al., 1969; Labrune et al., 2002) .
The UGT1A1 gene is one of the genes in the UGT1 gene complex (Iolascon et al., 2000; Gong et al., 2001) . The UGT1 gene complex is located on chromosome 2q37 and encodes different proteins using alternative promoters with different first exons, but all share exons 2-5 (Bosma et al., 1994; Gong et al., 2001) . The UGT1A1 gene consists of 5 exons, including exon A1 and exons 2-5 of the UGT1 gene complex. The UGT1A1 enzyme, a hepatic enzyme produced from the UGT1A1 gene, is involved in converting unconjugated bilirubin to a nontoxic form through the addition of glucuronic acid (Miners and Mackenzie, 1991) .
In this study, we focused on CN type 2, which was diagnosed based on clinical manifestation and DNA sequencing of the UGT1A1 gene from genomic DNA of the patient and parents. Three mutations in the patient's UGT1A1 gene were identified, including c.211G>A (p.G71R) in exon 1, c.1069-1070insC (p.R357Pfs*24) in exon 3, and c.1456T>G (p.G71R) in exon 5. Mutations in exons 3 and 5 were compound heterozygotes. The c.211G>A (p.G71R) mutation is a common variation in the Japanese population (Akaba et al., 1999; Maruo et al., 2000) ; c.1456T>G (p.Y486D) has also been identified (Nakagawa et al., 2011) .
The purpose of this report was to examine the clinical presentation as well as to investigate and identify novel genetic mutations in UGT1A1 in a Thai infant with CN type 2.
MATERIAL AND METHODS
This study was approved by the Institutional Review Board, Faculty of Medicine, Chulalong korn University, Thailand. Written informed consent was obtained from the patient's parents.
Patient
A 1-year-old Thai male infant presented with jaundice at the age of 5 days. He was born at term, delivered by cesarean section because of cephalopelvic disproportion, and had a birth weight of 3636 g. He was the second child of the family without a history of consanguineous marriage. The first child was healthy. At birth, he had 2 large cephalhematomas at both parietal areas, which caused an increase in total serum bilirubin of 18.9 mg/dL detected on the 5th day of life. His thyroid function test was normal and a peripheral blood smear showed no evidence of hemolysis. The mother's and patient's blood groups were both O, Rhesus factor-positive. Reticulocyte count and glucose-6-phosphate dehydrogenase level were normal. A direct Coomb's test and indirect Coomb's test were performed and the results were negative. He was treated with single phototherapy for 4 days and total serum bilirubin was successfully reduced to 8.2 mg/dL. He was discharged, but returned to the hospital 3 days later because of visible jaundice. Clinical examination showed resolving cephalhematomas. An initial investigation revealed an increase in total serum bilirubin to 19.8 mg/dL with predominantly unconjugated bilirubin of 19.7 mg/dL. He was treated with single phototherapy for 5 days, and then referred to King Chulalongkorn Memorial Hospital for genetic testing to reach a final diagnosis.
Upon arrival at King Chulalongkorn Memorial Hospital, the patient had visible jaundice with normal growth and development. Physical examination was unremarkable. His total serum bilirubin level remained high (15.8 mg/dL). No significant increase in liver enzymes was recorded in this family as shown in Table 1 .
After arriving at King Chulalongkorn Memorial Hospital, the patient was treated with phenobarbital at a dosage of 3 mg·kg -1 ·day -1 for 4 weeks; total serum bilirubin level decreased significantly to 8.0 mg/dL after treatment (decrease of 49.4%). Based on the presentation of unconjugated hyperbilirubinemia and decreased bilirubin levels after pheno- AST = aspartate aminotransferase; ALT = alanine aminotransferase; ALP = alkaline phosphatase; GGT = gamma glutamyltranspeptidase. barbital treatment in the normally developed child, the patient was diagnosed with CN type 2. Blood samples of the patient and his family were collected and subjected to molecular genetic analysis.
Methods
One milliliter anti-coagulated (ethylenediamine tetraacetic acid-treated) blood sample was collected from the infant and his parents, respectively. Peripheral blood mononuclear cells were separated using lymphocyte separation medium (Wisent, Inc., Quebec, Canada). Genomic DNA was extracted from 100 mL leukocytes using phenol-chloroform-isoamyl alcohol extraction and ethanol precipitation (Nilyanimit et al., 2013) . The DNA pellet was stored at -20°C until analysis.
For mutation screening, the promoter and 5 exons of UGT1A1 were amplified by polymerase chain reaction and direct sequencing, as described in a previous study (Nilyanimit et al., 2013) . Nucleotide sequences obtained by direct sequencing were edited and assembled using SEQMAN (LASERGENE program package; DNASTAR, Inc., Madison, WI, USA) and subsequently subjected to Basic Local Alignment Search Tool analysis. The UGT1A1 accession No. NC_000002.11 from GenBank was used as the reference sequence, for which the "A" of the ATG translation initiation site represented nucleotide +1.
RESULTS
Upon molecular genetic analysis of UGT1A1 in the patient and parents, we found that the patient had a normal wild-type A(TA)6TAA promoter, was homozygous for the c.211G>A missense mutation, and showed the compound heterozygous mutation between c.1069-1070insC and c.1456T>G.
The first mutation, the c.211G>A missense mutation, was at position 211 in exon 1 and caused substitution of glycine with arginine at position 71 of the UGT1A1 protein (p.G71R). This mutation has been reported to be associated with Gilbert's syndrome in Japanese, Korean, and Chinese populations. In addition, its gene frequency is related to neonatal hyperbilirubinemia as a common variation among the Japanese populations. For instance, a higher frequency of mutated UGT1A1 gene is related to more severe hyperbilirubinemia as a clinical manifestation (Akaba et al., 1999) .
The second mutation, the c.1456T>G missense mutation, was at position 1456 in exon 5 and led to substitution of tyrosine with aspartate at position 486 in the UGT1A1 enzyme (p.Y486D). Homozygosity of the second mutation has been reported as a cause of Gilbert's syndrome (Nakagawa et al., 2011) . Moreover, the homozygous mutation has been associated with CN type 2. A homozygous mutation of c.T395C of UGT1D and c.G211A and c.T1456G of UGT1A1 has been reported to lead to CN type 2, but heterozygotes with these defective mutations were normal (Aono et al., 1993) .
We also identified the novel mutation c.1069-1070insC in exon 3. Insertion of the base cytosine was observed between positions 1069 and 1070. This novel insertion mutation caused replacement of arginine with proline at position 357 of the UGT1A1 protein and caused a frameshift mutation for the next 24 amino acids, generating an early stop codon (p.R357Pfs*24) in exon 4. All mutations are shown in Figure 1 
DISCUSSION
The patient's total serum bilirubin at 17 months of age was 15.8 g/dL. He was clinically well and was treated with 3 mg·kg -1 ·day -1 phenobarbital for 4 weeks. His total serum bilirubin decreased to 8.0 g/dL (decrease of 49.37%). Phenobarbital acts as an enzyme inducer for bilirubin conjugation, and treatment can reduce total serum bilirubin by at least 25% in CN type 2, but it cannot reduce total serum bilirubin to a normal baseline level (Arias et al., 1969; Labrune et al., 2002) . Alkaline phosphatase was approximately 250 U/L, which was normal for the patient's age (213-1148 U/L) because of bone development. He had no history of kernicterus. His stool was not pale and his development was normal. As a consequence of his clinical presentation, liver function test, and satisfactory response to phenobarbital, CN type 2 was diagnosed. Differential diagnoses included autoimmune hemolysis, G6PD, thalassemia, and Gilbert's syndrome.
Based on The Human Gene Mutation Database, more than 30 mutations are currently known to cause CN type 2, including missense, nonsense, a small deletion, and splicing mutations, of which missense and nonsense mutations comprise the majority (83.78%). Missense mutations were found to be more common in CN type 2 than nonsense mutations, which always caused CN type 1. Missense mutations were congruent with a less severe phenotype of CN type 2 as expected with residual UGT1A1 activity. Moreover, the spectrum of residual UGT1A1 activity accounted for the spectrum of phenotype severity in CN type 2. Based on Figure 1 . DNA sequence analysis of the patient and his parents. Nucleotide sequences showed heterozygous c.211G>A mutations in the parents, a heterozygous c.1069-1070insC mutation in the father, a heterozygous c.1456 T>G in the mother, and a homozygous c.211 G>A mutation and the compound heterozygous mutation of c.1456 T>G and c.1069-1070insC in the patient. molecular genetic analysis, the patient was not only homozygous for c.211G>A (p.G71R) in exon 1 but was also compound heterozygous for c.1069-1070insC (p.R357P fs*24) in exon 3 on one allele and c.1456T>G (p.Y486D) in exon 5 on another allele.
The asymptomatic mother was heterozygous for c.211G>A and c.1456T>G, but had a normal wild-type promoter [A(TA)6TAA] and normal liver function test. The asymptomatic father was heterozygous for [A(TA)7TAA] and c.1069-1070insC. His total bilirubin was mildly elevated because of slightly high direct bilirubin from an unknown cause.
Because of the less severe neurological pathology compared to CN type 1, specific treatment for hyperbilirubinemia may be unnecessary. CN type 1 is too severe to be treated with only phenobarbital; phototherapy (10-12 h/day) is necessary until liver transplantation can be performed (Kaufman et al., 1986; Sokal et al., 1995) . In contrast, phenobarbital treatment alone is effective for CN type 2. Hence, liver transplantation was not required in this case. In addition, clofibrate administration, similarly to phenobarbital, is beneficial except for a few side effects (Gabilan et al., 1990) . Pregnant women with CN type 2 can be treated with phenobarbital, but not with clofibrate (Passuello et al., 2009 ).
In conclusion, we report a case of CN type 2 in a 17-month-old Thai infant with normal growth development, but abnormal total bilirubin and visible jaundice. His condition improved after phenobarbital treatment. Molecular genetic analysis of the UGT1A1 gene confirmed homozygosity of the c.211G>A mutation in exon 1 and compound heterozygous mutations of c.1456T>G in exon 5 and 1069-1070insC in exon 3. Thus, an early stop codon in one allele and a protein defect in another caused the UGT1A1 enzyme to be defective. In contrast, heterozygotes of these defective alleles were normal. Our results suggest that this compound heterozygous mutation played an important role in the development of CN type 2.
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